


ABSTRACT
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A program has been written in the SHARE 709 system (SOS) for the
IBM 7090 computer to calculate all intermodulation products up to and in-
cluding sixth order for any number of input >frequencies and bandwidths
consistent with core storage limitations. Interfering products are written

out using OUTRAN as they are calculated and detected.
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PROGRAM OUTLINE

Purpose

The purpose of the program is to calculate all intermodulation
products up to and including sixth order for any number of transmitting
frequencies and receiver bandwidths and to detect and w'rite out interfering
products, i.e., those falling within the receiver bandwidths.

Restrictions

A. IB monitor SOS must be used. Program transfers to monitor
(location 1608) when finished.

B. Input frequencies must be fixed-point (decimal) integers up
to four siqnificant figures. (Program may be modified to go to eight
significant figures.)

C. If the maximum order of product desired is less than six,
two instructions should be inserted just after the total for that section is
written out, i,e., just ahead of the section to compute products of the
next higher order. They are, simply,
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Method

Denote by fj any one of a set of N transmitter frequencies
i

fl’ fZ’ c e e fN. Then we compute the Pth order intermodulation products

by means of the formula



where 1 = ji = ji+1 <=Nfori=1, 2, ..., P. The double sign of fj is
i

intended to indicate that a value of FP is computed using first (+fj ) and then
i

(-fj ) while all other terms in the sum are held fixed. There is a separate
i
section of the program for each value of P. Note that the fi may be

j
arranged in any desired order in the set fl’ v fN.

Two exafnples should make this formulation more meaningful and
should also serve to illustrate the method used by the program in covering
all possible combinations without repetitions.

(1) Let N =2, P=3, Then the following sums are formed in the

order indicated:

fl & fl *fl

fl:l:fi:l:f2

fld:fzifz

f.‘?‘:kfz-.l:f2

(2) Let T=3, N=3. We have

fltfltfl £1:#:f2if3 f, 1, 1,
fl:l:flifz fl:I:f3:l:f3 f3:kf3:!:f3
fl:tfltf3 fz:tfz:tfz
flztfz:tfz fz*f2*f3



The sign-changing procedure for a given set of P frequency values

can be illustrated by considering the case f1 * fz £ 3 f3 * f4. Computed in

the order indicated are

(1) £, +6, + £, 1, (5) £, -f, +f; +1,
(2) £ +f, +1, -1, () £ - £, +f5 -1,
(3) £, +f, - £y 1, (1) £ -f, - £y 1,
(4) £+, -f3 -1, (8) £ -f, -fy -1,

Two tests must be met by a value of Fp in order that it be printed
out as an interfering intermodulation product.

(a) F must fall within one of the receiver bandwidths.
P

(b) FP must be non-redundant (in a sense which will now be defined).
We define a redundancy to be the occurrence for some P of a

value of F which reduces trivially to a case which has already resulted

at some lower value of P, e.g., f1 + f2 + f3 + f4 - f4, fifth order, is

the same as f, + f2 + f third order.
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Usage

A. Data Input - Output

Data are entered by means of ALTER card as follows:

Location Operation Variable Field

FREQ DEC fl, fZ"fS’ ce ey fN

CHEK DEC Llh’ Lu, LZh’ LZI’ ce ey LRh’ LR.!
N EQU n,

CF EQU 2n,

MAXP EQU n,

L1 BCI , title



Here

fl, e ey fN are the transmitter frequencies presented in any order
whatever. Note that the values used on the FREQ card are ten times the
actual transmitter values, where the latter are assumed to be given to no
more than one decimal place.

Lih’ Liﬁ are the upper and lower limits of the ith receiver
bandwidth. Note that the upper limit must precede the lower limit in

each pair.

n, = total number of transmitter frequencies
n, = number of receiver frequency bands.
ny = maximum order of intermodulation product to be calculated.

Output is written on logical tape A-3. Values of component frequencies
which appear are scaled to ten times their actual value, just as they were
for input.

B. Space Requirements

Lower memory contains monitor and OUTRAN! Program begins

at 16000, . and requires 6391

10 locations plus FREQ, CHEK.

0
C. Error Halts

Standard OUTRAN error halts.

D. Program Deck
SOS column binary squoze deck with modification package as

described in A.
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E. Timing
To calculate and check one product
second order, 0.31 milliseconds
third order, 0.37 milliseconds
fourth order, 0.44 milliseconds
fifth order, 0.51 milliseconds
sixth order, 0.59 milliseconds
The above times do not include redundancy testing or outputting.
Sample running time, To calculate products for single sets of
N = 18 transmitter frequencies and two receiver frequency bands (CF = 4)
and to write out 180 resultant intermodulation products through fourth
order required a total time of 6.2 minutes. For the same set of inputs,
approximately 15 minutes were required to compute and output all

interfering products through sixth order.
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HARVEY CRO 11728762
i CRG 16300
2 B EQU A-2
3 C EQU A-3
Yy D EQU A-y
) £ EQU A-5
6 F FQU A-6
7 CF EQU ]
I N QU a
9 MAXP EQU )
12 FREQ BSS 1,0
11 CHEK BSS 1,0
12 L1 BSS 14,C
132=s% INITIALIZATION FCR CRDER N =#=#
14 SETUP LXA Pyl
15 +1  TXI #+1,1,1
16 +2  SXA Pyl
L4 +3 SXA INZ2s1
18 +4  SXA ALS, 1
19 +5 CLA I
29 ALS ALS 291
2 +1 STO TERM2, 1
22 +2 TIX ALS“);].!
23 +3 TRA 1,4
24#aux COMPUTE CNE SUM ##=#
25 c3 LXA Pel
26 +1 PXD
27 +2 ADD A,1
28 +3 TIX =1, 1,1
29 +4 SSP
39 +5 STO PROD
31 +6 TRA CCMP

Z32x#% TEST TO SEC IF ALL SIGN COMB. USED FOR THIS SET OF F'5===%
33xux FACH C{TERMZ,1)=) =u=

34 IN3 LXA Pyl

35 +1 PXE

36 +2  ADD TERMZ, 1
37 +3 TIX *‘191.1
38 +4  SUBR P

39 +5 TZE ol

L IKNI LXA Py

b C2 CLA TERMZ2,1
42 +1  PAX +2

43 +2 THNX Clsy251
by +3  PXA y 2

45 +4 STO TERM2,1
L6 +5 TIX C2,1,1
L7 +6  TRA c3

ugx CHANGE SIGN OF TERM,+#

L9 C1 CLA Asl

Y +1  CHS

51 +2 STC Ayl

52# RESET REG IN TERM2 BLOCK.=#
53 +3 CLA I1

54 IN2 ALS Ul
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55 +1 STC TERMZ,1

Hhb +2 TIX C2e1,41

57 +3 TRA C3

58 P PLE

59 HR 1

6 A BES MAXP,0

o1 TERMZ BES MAXP,{(

62 PRCD BSS 1,0

63 TOTAL DEC ¥

6L N DEC 1

65 M PZLE N

66 UNIT GCY 12¢3

67 L2 BCI 3, INPUT FREQUENCIES

68 L3 BCI 8, INTERMODULATION PRODUCTS PRODUCED BY
69 L BCI y TYHESE COMPONENT FREQUENCIES
I&% ) RCI 5, TOTAL SECOND ORDER PRODUCTS =
[ L6 BCI 5,TOTAL THIRD ORDER PRODUCTS =
72 Ly BCI 5,TOTAL FOURTH ORDER PRODUCTS =
73 L8 BCI 5,TOTAL FIFTH ORDER PRODUCTS =
7h L9 RCI 3,CHECK FREQUENCIES

75 L19 QCT 5,TCTAL SIXTH ORDER PRODUCTS =
T6= BRING UP NEW VALUES OF FREQUENCY.

77 BUA SXD IRA,L

78 +1  LXA IRA L

79 +2 CLA FREGQ+N 4

8¢ +3 S7¢C A-1

81 +4 SXA JRA, 4

82 +5 LXOC IRA, U

83 +6 TRA 1,4

8L IRA PLE

85 MA PZE N

g6 BLg SXD IRB, U

87 +1 LXA IRB, 4

g8 +2 CLA FREG+N,+hL

89 +3  STO B

92 +4  SXA IRB, 4

g1 +5 LXD IRB,. 4

G2 +6 TRA Tol

?3 IRB PZE

Yy MB PLE N

g5 BuC SXD IRC, 4

96 +1 LXA IRC, U

27 +2 CLA FREG+N, U

98 +3 STC C

g9 14 SXA IRC, U

120 +5 LXD IRC, U4

121 +6 TRA 1,4

1€2 IRC PLE

123 mC PLE N

174 BUD 5XD IRD,y 4

125 +1 LXA IRD, L

126 +2 CLA FREC+N, 4
127 +3 STC D

18 +4  SXA IRD,y U
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+5  LYD 1
P6 YRA 1.h
PiE
seb i¥ et
1 LXA [RE. L
2 ClA Fi
3570 F
+4 SHA i
£5  LXD IR
+&  TRA )

T
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o
—
faxl

I T S N R R T e el LY

DN LE ST LA M e T D 0 ey T

d e 6 e

IRE Fr
i il SXE TitF o ks
1 +1 LXA IRFeb
! +2 LA FREC#t, 4
H 3 LTO ¥
3 + 4 SHEA LF et

ot

TiF s
+5 i X TRFgH
;

1< G YRR v M

i2 IRF APAS

YA TEST PRODULT FOR INTVERFLHENCE.
1LY COME AXT LFed

1LoGP CAS CHEKS$LF. 2

147 £ IRA w4
132 2 TRA # BN
132 +4 QAN CHEKs(F+]42
TAh +h  YERA REDN
iah $%  TRA REDN
34 +4 0 TIx LOGR 2,2
137 17 TRA NS
AR TECT INTERFERING PROVULCT FGOA REDUNDANLY.
REDR LYA Py 3
it YTRI 241y 351
B L& A=-1s1

+ | LD Ag 2

12 171G ING

3 TIX Higlgl

ik TNK GWTHel ok

f‘b &)&fx ’-‘Ii'ggi
LTI +& RXY Ae 7
158 +7 TRA it
ThHY CON cey 2I3NATTERIE
Thid NIGF CEL 1.5
iHise GPDATE TOTAL QUTPUT INTERFERING PRODULTY.
15 CuTé TOTAL

o
)
e

}
2
153 +1  ADD MY
iGh +2 5TC TCYAL
ih% +%2 (LA PFRUD
iho o CRA
157 +5  FAD
ih5 +6  EDH
159 L7 SV
60 CRLARK VA7 505 1
+6 S3L 7
ifd {Fei-i ¥ PROD G204l i
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162
163
164
165
166
167
168
169
179
171=
172
173
174
175
176
177
178
179
188
181

182
183

134
185
186
187
188
189

19¢
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+11 STL 22

CINT A-1,0,72+6
+16 STL 22

OINY BsZ:83d4,6
+20 STL 22

CINT Csy0,9050
+24  STL 22

OINT C.2,128,6
+28 STL 22

OINT EsB,11846
+32 STL 22

OINT Fe+C,12846

+36 STL 22
CSCRIB UNIT,8.22,1

+4@  STL 22
CREADY
+44  STL 22
+46 TRA IN3
PRINT INITIAL DATA
CUTRAN
START STL 22

CBLANK 132,041
+2 STL 22
CSPACE 2984341
+5 STL 22
CBCW L1,8,208,12
+9 STL 22
CSCRIB UNIT,8,13,1
+13 STL 22
OBLANK 132,0,1
+17 STL 22
CSPACE 243,841
+2¢ STL 22
0BCW L2+8+208,3
+24 STL 22
OSCRIB  UNIT 8,7, 1

+28 STL 22
CREADY
+32 STL 22
+34 AXT N, 1
OBLANK 132;0,1
LOCP] STL 22

CSPACE 2,0:¢,1
+3 STL 22
OINT FREQ+#N,1,29,6
+7 STL 22
OSCRIB  UNIT,B,7y1
+11 STL 22
+15 TIX LOOP1,y1,1
+16 AXY CF, 1
CBLANK 132,42, 1
+17 STL 22
CSPACE 2,0,0,1
+2¢ STL 22
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238 +12 STA IRB

231 +13 LXA IRA, 1

232 +14  TXI #+1, 1,1

233 +15 SXA IRA, 1

234 +16 TXH LPYy 1,2

235= PRINT TOTAL FOR THIS ORDER.

236 OZERO
+17 STL 22

237 CBLANK 132,2,1
+24 STL 22

238 OBCW L5,2+20,5
+23 STL 22

239 CINT TOTAL:3,60,5
+27 STL 22

240 OSCRIB UNIT,;08,286,1
+31 STL 22

241 CREADY
+35 STL 22

242 +37 STZ TCTAL

2u43 +38 TSX SETUP, U

244 CZERG 1
+39 STL 22

245 CALCULATE THIRD CORDER PRODUCTS.

246 +42 AXT Nel

247 +43  SXA IRA, 1

248 +44  SXA IRB, 1

249 +45 SXA IRC, 1}

252 LP3 TSX BUA 4

251 +1 TSX BUB, L

252 +2 TS5X BUC . U4

253 +3  TSX C3,h

254 +4  LXA Pl

255 +5 TSX ALS--1,4

256 +6 LXA IRC, 1

257 +7  TNX #+3, 1,1

258 +8 SXA iRC, 1

259 +9  TRA LP3

260 +18 LXA IRB, 1

261 +11 TNX =+l 1,1

262 +12 SXA IRC,1

263 +13 SXA IRB, 1

264 +14 TRA LP3

265 +15 LXA IRA,1

266 +16 TXI #+1,1,-1

267 +17 SXA IRA, 1

268 +18 SXA IRB, 1

269 +19 SXA IRC, 1

278 +28 TXH LP3,1,4

271 O0ZERQ
+21 STL 22

272 OBLANK  132,82,1
+24  STL 22

273 OBCW L6+3,2845

+27 STL 22
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274 CINT TOTAL 35685
+31  STL 22

275 CSCRIB  UNIT,G,20,1
+35% STL 27

274 CREADY
+3¢  STL 27

2l +hl 5T7 TCTAL

278 +42  TSX SETUP, 4

279 OZERCE }
+453  STL 22

28+ CALCULATE FCURTH CRDER PRODUCYS.

z281 +yh AXT Nyl

282 +h7  SXA IRA, 1

2853 +f SXA IRB, 1

284 +uG  SXA IRC, 1

285 150 SXA Tiliy |}

286 LP# TSX BLA.Y

267 1 TSX B, 4

288 12 TSX DUC, b

259 +3  TSX BUG+L

29€ +4 TSX C2.4

291 +5  LXA P,

292 +6 TSX ALS=T,4

293 +7 LXA IRG, ¥

294 +8  TaX 2+5,1,1

295 +7 SXA IRD, 1

290 +12  TRA LPYy

297 +11] L XA IRC, 1

256 t12  TivX #4ly 1,1

299 +13 SXA IREy 1

364 + 14 SXA IRC, 1

381 « 15  TRA LPh

5€2 » 16 LXA IRB, 1

503 +17  TNX ¥+5, 1,1

3dh +18& S¥A IRD, 1

345 +1% SXA I:23,1

3¢6 +26  SXA TRA, 1

347 +21 TRA LPy

3.8 +22  LXA TrA, 1

329 +23  TXI1 1 41,1,-1

314 +tolh SXA TRDy 1

211 +25  SXA InC, ¥

312 +2¢&6 SEA IKB,

314 +27 SXh IRA, 1

LB R +28  TXH LPh,y 1,2

315 CZERC
+29  STL 22

316 CBLANK 1732,¢,1
+%32  STL 22

317 CRCW L79¥420845
+45  STL 22

318 CINT TOTALB 205
+39 ST 27

319 CSURTB UNIT 7,28, 1
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+h3  STL 22
CREADY
t47 STL 22
+49 STZ TCTAL
+5¢&  T35X SETUP, &
CZERC i
i51 STL 22
CALCULATE FIfTH CRCER PRCDUCTS.
+54 AXT Nyl
+55 SXA 1RA, 1
+56 SXA IRB, 1
+57 SXA 1RC, 1
+58 SXA IRDy 1
+59 SXA IRE, 1]
T5X BUA, 4
+1  TSX BUB, b4
+2 TSX BUC. b4
+3 T5X BUDs U
+4  T5X BUE,4
+5 TSX C3sh
16 LXA Pyl
+7 T3SX ALS-1,4
+8 LXA TRE, 1
+9Q TANX ‘+5v1,1
+1¢2 S5XA IRE, 1]
+11  TRA LP5
+12 LXA IRD, 1
+13 TNX s+l 1,1
+14  SYA IRE, ]
+15  SXA IR,
+16  TRA LF5
+17 L XA IRC, 1
+18  TAaX 45,1,
+19  SXA TRE, 1
*22 SXA IRD,1
+z1  SXA IRCy1
+722 TRA LPS
+23  LXA IRB, 1
+Z24  TNX #4649 1,1
+25 SXA IRE,1
+26  SXA IRD, 1
+27 SXA IRC. 1
+28 SXA IRB, 1
129 TRA L PS
+32 LKA TRA, 1
+31  TXI #41,1,-1
+32 SXb IRE, 1
+32 SXA IRG, 1
+34  SXA IRC
+35 SXA IRB, 1
+36  SKE IRA,}
+37  TXb LFS5,1,08
CLTRG
+38 STL 22



]

N NN
-
R e

578
379
367
381
38

A
o

;3

v
T
-

A
oo o
o~ O

o

LS a6 NG o B g e lie o]

L]

0N
&

Oy

L N LN A AN LN U S A Ll O A (e
i

TN
R O & SRV ¢ R

N

N]

Y 4

6

i XFRH

45

154
+58
9

43

capcu

165
+6hL
65
14¢
&7
t68
69

+1
12
+3
th
+5
+é
+7
+8
+9
+13
1]
+ 12
+13
+14
+15
+1é
+}1 7

gA

—

Ll SRR W e

RS RS L

RV
BN T

[ESTAS]

- O A

e
s

e

&7

Pl

I

N

-

€

CRLANY
STHL
CPCH
5TL
OINT
STL
CLCRIB
STL
CREAZY
T

ST

T5X

oW

TR
e oW Pl

s,
P

L W e T ed (Y e BT e (T
g

-t
e TR
JEIE,

SX8
5XA

~
PN Y
L i R

prd

el &
-

MU LT e T e
e

'
P
o

SXA
THA
LxA

Y32:7,1
22

LEFe 2445
22
27

UNTT 6920, 1

-1l

11795762

s
22
TLYAL
SETL ks
i
27
YTH CREER PROGUCTS
Nyl
E%&ﬂ,

IRB,

i

i
IKC, 3
IRD, 1
PHEL !
IRF,
LAk

Biip,w
BLC,h
BUD,y &
BUT 4 &

EUF 4 1t
HEL T

a1
L5-1,4
FFql
'31!;!
B

£,

3

T

e
w3

]
-
=
-
P e Bl
v
o

[
o)
i

-

-

=
i
-

i e s el

—
——
2]
-
e i

[
e
o
3

-



HARVEY

418
419
L2d
L21
422
423
.42y
\L25
L26
L27
428
429
L3g
431
u32
433
L3y

435
436
u37
438
439
Lihg

4y 1
yu2

GRC

+32
+33
+354
+35
+36
+37
+38
+39
+43
+41
+42
+43
+h4y
+45
+46
+47

+4 8
+51
+55
+59
+63
+65

+66
+67

TNX
SXA
SXA
SXA
SXA
SXA
TRA
LXA
TXI
SXA
SXA
SXA
SXA
SXA
SXA
TXH
CBLANK
STL
CBCW
STL
CINT
STL
CSCRIB
STL
CREADY
STL
STZ
WEFA
TRA
END
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#4Ty1,1

IRF, 1

IRE, 1

IRD, 1

IRC, 1

IRB, 1

LP6

IRA, 1

#+iye1,—1
IRF, 1

IRE, 1]

IRD,1

IRC, 1

IRB,y 1

IRA, 1

LP641,0
132,241

22
L12,2,23,5

22
TOTAL,D2,68,5

22
UNIT,3,28,1

22

22
TCTAL
3

112
START
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RO

CHEIK
cComp
COM

e
gL 3
cB8d3
S@31
pdd
a2
2@
n@az
=404
geat
2831
PEe2
BEs2
g2
0002
0001
0001
nN002
0002
0002
0002
0003
0003
0001
0001
0001
0001
0001

IRD
IRE
IRF
L1
t1ag
L2
L3
Ly
LS
Lé
Lf
L8
Ly
LGOP

2903
5983
aues
228
AR
aaa2
2002
2ace
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2382

gyee
gagz
2oa2
38e2
gae3

LCOP 1
LCOPZ2
LP1
LP3
LPY
LP5
LP6

M

MA
MAXP
vB

MC

N

N1

Bazu
2aes
£3a5
gaeo
gBrT
geas
gee9

= 3@C2

Q02
2agl
pep2z

2 0gz2
Za21
7092

N1&F
UkTO
P
PRCD
R1
REDN
SETUS
STAR’
TERM,
TCTAL
UNIY
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